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A LIMITATION OF FIRST GENERATION LUNAR ORBITER 

NEGATIVES AS APPLIED TO PHOTOCLINOMETRY 

N e i l  Gambell and Baerbel K. L u c c h i t t a  

INTRODUCTION 

The au tho r s  have r e c e n t l y  been i n v e s t i g a t i n g  the  photoclino- 

metric method of determining lunar  s lopes  from Lunar O r b i t e r  photo- 

g raph ic  nega t ives  us ing  a n  IBM 360/65 t r a n s l a t i o n  of the  Lambiotte- 

Taylor progra&! 

w i t h i n  which r e l i a b l e  s lope  d a t a  can be obta ined  i s o c c a s i o n a l l y  

exceeded. I n  t h i s  computer program any d e n s i t y  va lue  which ex- 

ceeds t h e  d e n s e s t  gray s t e p  of t h e  g ray  s c a l e  i n  t h e  edge d a t a  

They have found t h a t  t h e  f i l m  d e n s i t y  range 

(on  negat ives)  w i l l  be recorded as the  d e n s i t y  va lue  of t he  dark- 

e s t  s t e p .  Consequently, a l l  l una r  s lopes  c a l c u l a t e d  from d e n s i t y  

readings  t h a t  are h ighe r  than s t e p  n ine  of t h e  gray  scale, w i l l  

show a n  e s s e n t i a l l y  uniform and erroneous s lope  wi th in  any p a r t i -  

c u l a r  scanned s i te .  A modif ica t ion  of t he  computer program could 

a l low f o r  e x t r a p o l a t i o n  of va lues  a long  t h e  Hur t e r  and D r i f f i e l d  

(H and D) curve beyond the  l i m i t s  of t he  g ray  scale, but  such a n  

e x t r a p o l a t i o n  would probably be meaningless. Furthermore, t h e  

d e n s i t y  readings  nea r  t he  upper l i m i t  of t he  gray scale may g ive  

u n r e l i a b l e  r e s u l t s ,  as t h e  curve of d e n s i t y  versus  s l o p e  is  ve ry  

s e n s i t i v e  i n  t h i s  area. 

A test was run  i n  o r d e r  t o  determine approximately the  pe r -  

centage of Lunar O r b i t e r  f i r s t  gene ra t ion  photographic nega t ives  

from Missions I1 and 111 t h a t  are u s e f u l  f o r  s lope  de te rmina t ion  

by the  photoc l inometr ic  method. 

l /Lambiot te ,  J. J . ,  and Taylor ,  G. R.,  1967, A photometric 
technique f o r  d e r i v i n g  s lopes  from Lunar O r b i t e r  photography, 
p re sen ted  a t  Space Systems f o r  P l a n e t a r y  Geology and Geophysics 
Conf. , Boston, 1967: N a t l .  Aeronautics and Space Adm. , Langley 
Research Center ,  22 p. 

1 



TEST PROCEDUm 

Every 10th  f i l m  nega t ive  c a n i s t e r  w a s  s e l e c t e d  from the  s h e l f .  

The 10th  f r ame le t  w a s  taken from each can chosen. Seventeen frame- 

l e t s  from Mission I1 and 14 f r ame le t s  from Mission 111 were t e s t e d  

(see t a b l e  1). 

Only f r ame le t s  t h a t  showed the  luna r  landscape were se l ec t ed .  

When a c a n i s t e r  w a s  found t o  c o n t a i n  blank f i l m ,  t he  next  c a n i s t e r  

was  s e l ec t ed  ins tead .  A l s o ,  f r ame le t s  wi th  bad bimat marks were 

skipped. Therefore ,  t hese  percentages r ep resen t  an  a l r e a d y  re- 

s t r i c t e d  sample. 

Each f ramele t  w a s  scanned on the  microdensitometer ac ross  

the  gray  scale of the  edge d a t a ,  and ac ross  th ree  areas of lunar  

landscape; two of these  were loca ted  near  each edge and one near  

the  middle of each framelet .  The parameters on the  microdensi-  

tometer were set equa l  t o  those used f o r  the  Lambiotte-Taylor 

photoclinometry program ( t a b l e  2) .  

For each f r ame le t ,  two graphs w e r e  made. (See f i g s .  1-3 f o r  

r e p r e s e n t a t i v e  s e t . )  One graph (e.g. f i g s .  la-3a) shows the g ray  

s c a l e  scan from the  edge d a t a ,  and a scan made ac ross  the  lunar  

landscape near  the  end of t he  framelet conta in ing  t h e  edge da ta .  

These scans are referenced t o  the  0.0 d e n s i t y  u n i t  l i n e  d e t e r -  

mined from clear g l a s s ,  and a l i n e  r ep resen t ing  the  2.0 d e n s i t y  

u n i t  level taken from a n e u t r a l  d e n s i t y  f i l t e r .  The gray s c a l e  

s t e p  n ine ,  t he  s t a r t i n g  and ending p o i n t s  of t he  p i c t u r e  scan,  

and the  d e n s i t y  u n i t  r e f e rence  l i n e s  are each labeled.  Also 

given is the  corresponding encoder count ,  which is  the  d i g i t i z e d  

equ iva len t  of the  d e n s i t y  i n t e r v a l  represented  on the  graph. 

The o t h e r  graph (e .g .  f i g s .  lb-3b) shows the  scan  ac ross  the  

middle of t he  f r ame le t ,  and the  scan near the  o t h e r  end of the  

framelet .  Also shown are the  2.0 and 0.0 d e n s i t y  u n i t  l i nes .  By 

superimposing the  two graphs it is p o s s i b l e  t o  see t h e  relative 

p o s i t i o n  of t he  gray scale and the  th ree  landscape scans f o r  each 

f ramele t. 
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Table 1. --Lunar O r b i t e r  framelets t e s t e d  t o  determine s u i t a b i l i t y  
f o r  photocl inometr ic  reduct ion  

Can - 

20 10 
2020 
2030 
2040 
2050 
2060 A 
2070 A 
2080 A 
2090 A 
2100 A * 
2110 A 
2120 A 
2204 
2242 
2274 
229 8 
2326 

3003 
3014 t 
3023 # 
3033 
3043 
3053 
3063 B 
3073 A 
3083 A 
3093 A 
3103 A 
3205 
3240 
3278 3 

Frame 

MISSION I1 

*H- 22 
H- 6 1  
H-86 
M- 13 1 
H-178 
M-207 
H- 175 
H- 146 
M- 114 
M- 88 
M-59 
H-33 
H- 8 
H- 140 
H-162 , 

Unknown 
Unknown 

MISSION 111 

M- 5 
M-40 
M- 66 
H-9 8 
H- 137 
H- 183 
H- 19 8 
M- 168 
M- 141 
H- 117 
H-9 1 
H- 13 
H- 124 
H-156 

Framele t 

29 2 
430 
67 6 
786 
7 19 
7 67-7 68 
349 
526 
5 68-5 69 
165 
352 
723 
486 
775 
708 
550 
74 7 

69 6 

67 6 
69 8 
80 8 
822 
83 6 
066 
5 17 
183 
8 10 
50 6 
100 
480 

071-072 

*The L t h  and l l t h  framelets were blank,  t h e r e f o r e  t h e  1 2 t h  
f r a m e l e t  was used. 

'f Can 3013 c o n t a i n s  blank,  over-exposed f i lm.  
t The 10th  framelet w a s  b lank ,  t h e r e  t h e  l l t h  framelet was used. 
4 The photographic image of t he  1 0 t h  f r a m e l e t  was mostly o b l i t -  

e r a t e d  by a bimat mark, t h e r e f o r e  t h e  l l t h  framelet w a s  used. 
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Table 2. --Joyce-Loebl MK I11 CS microdensi tometer  parameters  

Condenser 

O p t i c a l  magni f ica t ion  

Mechanical magni f ica t ion  

Vertical a p e r t u r e  

Hor izonta l  a p e r t u r e  

Spot  s i z e  

Wedge 

Encoder 

32 mm 

2ox 

lox . 
1.5 mm 

1.5 mm 

0.075 mm X 0.075 mm 

F-140 0-2.4d 

1- 168 

For  e v a l u a t i o n  of the d a t a ,  the  graphs have been c l a s s i f i e d  

i n t o  th ree  groups. Group I graphs are those  i n  which most, o r  

a l l ,  of the  d e n s i t y  va lues  of the  topography scans pos i t ioned  

above the  gray  scale boundary. Group I1 graphs are  those 

which show the  d e n s i t y  va lues  of the  topography scans  pos i t ioned  

c l o s e  t o  the  gray  scale boundaries.  It may be p o s s i b l e  t o  ex- 

t ract  a small amount of s lope  d a t a  from f r ame le t s  which show 

p l o t s  similar t o  these ,  a l though many of the  s lopes  may no t  be 

r e l i a b l e .  Group I11 graphs are those t h a t  show framelet scans 

loca t ed  w e l l  below the  denses t  s t e p  of t he  gray  scale. 

mum amount of  s lope  d a t a  can be e x t r a c t e d  from f r ame le t s  which 

show p l o t s  similar t o  these.  

The maxi- 

RESULTS 

The fo l lowing  number of Lunar O r b i t e r  I1 test framelets were 

l i s t e d  under each group: I ,  6;  11, 2 ;  111, 9. Thus about  35 

percent  of t he  17 Mission I1 f i r s t  gene ra t ion  negat ives  are un- 

s u i t a b l e  f o r  u se  w i t h  the Lambiotte-Taylor s l o p e  de te rmina t ion  

program, about  12 percent  are borde r l ine  cases, and about  53 per-  

cent are acceptab le .  

Lunar O r b i t e r  I11 negat ives  were grouped as fol lows:  I, 1; 

11, 3; 111, 10. Thus about  7 percent  of t he  f r ame le t s  are un- 

s u i t a b l e ,  about  21 percen t  are b o r d e r l i n e  cases, and about  72 

pe rcen t  are acceptab le .  
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CONCLUSIONS 

A s i g n i f i c a n t  number of Lunar O r b i t e r  I1 and I11 f i r s t  gener- 

a t i o n  nega t ives  are completely u n s u i t a b l e  f o r  photoc l inometr ic  

reduct ion .  Also ,  many may g i v e  u n r e l i a b l e  s lope  informat ion  be- 

cause the  d e n s i t y  ranges f a l l  l a r g e l y  i n  the  area of t he  u p p e r  

g ray  scale l i m i t s ,  where ve ry  small d e n s i t y  d i f f e r e n c e s  r e p r e s e n t  

l a r g e  d i f f e r e n c e s  i n  slope.  Therefore ,  each negat ive  must be 

c a r e f u l l y  analyzed be fo re  i t  i s  accepted f o r  use  i n  luna r  s lope  

de te rmina t ion .  The same l i m i t a t i o n  a p p l i e s  t o  Lunar O r b i t e r  I ,  

IV, and V photographs, though t h e i r  f i r s t - g e n e r a t i o n  nega t ives  

were n o t  s p e c i f i c a l l y  t e s t e d .  

now tests a l l  material submitted f o r  photoc l inometr ic  r educ t ion  

t o  e v a l u a t e  p o t e n t i a l  s u i t a b i l i t y .  

The Branch of As t rogeologic  S tud ie s  
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